This paper presents the result of study on the effect of ultrasound on extraction yield and quality of gelatin obtained from tuna skins using alkaline treatment method and alkaline-acid treatment method with ultrasound assistance. The results showed that ultrasound could shorten the time of alkaline treatment, while ensured the yield and the quality of obtained gelatin. Accordingly, the appropriate parameters of ultrasound mode that gave the best yield and quality of gelatin were determined as follows: for alkaline treatment method: amplitude of 80 %, period of 0.8s and ultrasound time of 90 min; for the alkaline-acid treatment method: amplitude of 8 0%, period of 0.8s and ultrasound time of 30 min. The former method produced gelatin with better yield and gel strength compared to the latter one (22.7 % and 143.3 g in comparison with 15.8 % và 122.4 g, respectively). The method with ultrasound support gave the gelatin with better quality in term of lipid content and gel strength in comparison with the traditional alkaline treatment method without ultrasound assistance.
INTRODUCTION
Extraction of gelatin from fish skins for applying in food, pharmaceutical industries, medicine, cosmetics and photography have attracted greater interest recently. Various works have shown that the extraction of gelatin from fish skins would achieve high yield and good quality when fish skins are pretreated with lime or combination of lime and acid. However, the disadvantage of these methods is long time of the pretreatment, 5 days may be needed [1, 2, 3] . Thus, finding some way to reduce time of the fish skin pretreatment with lime is necessary.
Meanwhile, ultrasound, when propagates in liquid media, releases a great amount of energy which could cause significant mechanical impact.Therefore, if the ultrasound during the pretreatment of fish skin was applied, the change of gelatin extraction yield would be expected.There was a work concerning the application of ultrasound in gelatin production from fish for the extraction step but not for pretreatment step [4] . So, the aim of our work was to evaluate the possibility of using ultrasound in tuna skin pretreatment with lime in order to shorten the time of pretreatment.
MATERIALS AND METHODS

Materials, chemicals
Tuna skins were obtained from seafood processing companyBắcĐẩu, Da Nang City. Chemicals:Ca(OH) 2 , CH 3 COOH of analytical grade.
Methods
2.2.1.Determination of moisture and ash contentof tuna skins:
according to methods of AOAC 952.08 and AOAC 938.08 (1990) [5] .
Determination of gelatin solution viscosity after extraction:Using viscometerBrookfield
LVDEat 60 o C. [3] :Extraction yield is expressed as percentage of the weight of obtained gelatin (dried to 11 % moisture) to the weight of raw material of fish skin.
Calculation of extraction yield
Determination of crude protein content ofgelatin:
according to the method ofTCVN 3705:1990.
2.2.5.Determination of lipid content of gelatin:
according to the method of TCVN 3703:2009.
Measurement of gel strength of gelatin
Prepare a gelatin solution of 6.67 % at ambient temperature, heat and hold at 65 o C for 25 min. Pour the solution into PE bags of 3 cm diameter. Let it cool down at room temperature for 15 min and later to 10 o C in refrigerator for 16÷18 h. Gel strength was measured by Rheo Tex (piston diameter of 12.7 mm, penetration velocity 0.5 mm/s, at 10 o C) [3] .
Data processing methods
The results of experiments were expressed as the average of triplicates. Significant difference tests were carried out using Minitab 16 at significant level α of 5 %.
The procedure of gelatin extraction from tuna skin with ultrasound assistance
-Fish skins obtained from plant were washed with chlorine 50 ppm, stored at -20 ÷ -30 o C. Before using for experiment, the skin materials were unfrozen, washed, cut into pieces of 2 ÷ 3 cm 2 , squeezed and thoroughly mixed. Samples of 50 g were used for each experiment.
-Samples were exhibited to ultra sound in the LABSONIC R P(Germany) while submerged in Ca(OH) 2 20 g/l at the ratio of skin/solution of 1/6 (w/v) at 20 o C.
-After the application of ultrasound, samples were washed several times with clean water to achieve the neutral pH. They were then extracted with distilled water at the ratio of skin/water of 1/3 (w/v) at 60 o C. The extract solutions were filtered and measured for the viscosity. The solutions were also poured into trays and dried at 45 o C to the end moisture of 10÷12 %. Dried films of gelatin were weight to determine the extraction yield.
-For the pretreatment method of combination of lime and acid, samples were also processed in the same way. However, after the application of ultrasound, the materials were washed and submerged in acid acetic 7.5 mM before extraction and drying [1, 4] .
RESULTS AND DISCUSION
Effect of ultrasound on tuna skin pretreatment with lime
In this study, we investigated the ultrasound parameters including amplitude, period and time of application. The effectiveness of fish skin pretreatment with ultrasound assistance was evaluated by the amount of obtained gelatin (extraction yield) and the quality of gelatin, including viscosity and gel strength.
Effect of ultrasound amplitude on quality and extraction yield of gelatin
The ultrasound period and time of ultrasound application were set at 0.8 s and 90 min, respectively and the effect of ultrasound amplitude was examined at level: 50 %, 60 %, 70 %, 80 %, 90 % and 100 % [4] . Experiments were carried out as described in the section 2.3 and the results of these experiments are shown in Figure 1 . Figure 1 showed that amplitude had great effect on the viscosity of the extract solution and the gel strength of obtained gelatin, meanwhile the extraction yield was less affected. In general, all viscosity, extraction yield and gel strength increased gradually with the increase of amplitude from 50 % to 80 % and then started to decrease. At the amplitude of 80 %, viscosity, yield and gel strength reached the maximum value of 14.7 cP, 20.1 % and 143.3 gram, respectively. This could be explained by the fact that at different amplitude level, the released energy affecting samples was different. At low amplitude, the released energy was not strong enough to break the structure of fish skin and the cross-links in collagen structure, thus polypeptide chains of collagen were stuck in skin structure and could not be extracted to extracting water. On the other hand, when the amplitude was too high, besides its effect of breaking cross-links of collagen and releasing non-collagen components from the skin, it could also cut the polypeptide chains of collagen into small fragments which could be lost during washing step, leading to the lower extraction yield, lower viscosity and lower gel strength of obtained gelatin [4] .
Effect of ultrasound period on quality and extraction yield of gelatin
The ultrasound period of the equipment is defined as the time (seconds) of emitting ultrasound in one second. In this study, we set ultrasound amplitude, time of application at 80 % and 90 min respectively, and investigated ultrasound period at level 0.6, 0.7, 0.8, 0.9 and 1. The effect of period on the quality and extraction yield of gelatin is shown in Figure 2 . viscosity, extraction yield and gel strength were 13.5cP, 22.6 % and 121.3 gram at the period of 0.8s. But they all decreased as the period was increased furtherto 1s. At short period the mechanical impact of ultrasound was not strong enough to alter the skin and collagen structure, so few gelatin molecules were extracted. On the other hand, if period was too long, the ultrasound could cause the polypeptide chains to fragment and wash away. Thus, the final extraction yield decreased. The viscosity and the gel strength were also lower as the consequence of fragmentation of collagen chains.
Effect ofultrasoundtime on quality and extraction yield of gelatin
In this study, the amplitude and the period were set at 80 % and 0.8 s respectively and the effect of application time was investigated at 60 min, 75 min, 90 min, 105 min and 120 min. Experiments were carried out as described in section 2.3 and the results were expressed in Figure 3 .
The result from Figure 3 showed that as the ultrasound application prolonged from 60 min to 90 min, extraction yield, viscosity and gel strength of obtained gelatin had increasing tendency, but if ultrasound was further applied after 90 min, they all started to decrease. The optimum of application time therefore was 90 min, at which the yield and gel strength reached maximum values of 22.7 % and 122.6 gram respectively. Meanwhile, the viscosities measured at 90 min and 105 min were not significantly different. The explaination for these courses of extraction yield, viscosity and gel strength could be similar to what were described previously, i.e. due to change in fish skin and collagen structure as a consequence of the impact of ultrasound.
To conclude, the best conditions of ultrasound application for tuna skin pretreatment in lime were amplitude 80 %, period 0.8 s and application time 90 min. 
Effect of ultrasound on tuna skin pretreatment using combination of lime and acid
The results of some works have shown that high extraction yield and quality of gelatin from tuna skin could be achieved by using combination of lime and acid for pretreatment, accordingly the skin was submerged in lime 2 days and then in acetic acid for 3 hours [1, 3] . Because of the short time of acid pretreatment, in this study we aimed to use ultrasound for reduction of the pretreatment time with lime.We chose amplitude of 80 %, period of 0.8 s and examined the effect of time of ultrasound application on skin pretreatment with lime at various levels: 20 min, 25 min, 30 min and 35 min. Samples after pretreatment with lime were washed with water to neutral pH and submerged in acetic acid 7.5 mM for 60 min before extraction and drying as described in section 2.3. The results were shown in Figure 4 . Figure 4 indicated that viscosity, extraction yield and gel strength were directly proportional to time of ultrasound application as it increased from 20 min to 30 min.The maximum of viscosity, yield and gel strength reached at 30 min was 13.2 cP, 15.8 % and 135 gram, respectively. If ultrasound was further applied longer than 30 min, all viscosity, extraction yield and gel strength of gelatin decreased. The results also showed that the pretreatment method of using combination of lime and acid produced gelatin with lower extraction yield, viscosity and gel strength than the method of using only lime. It could be explained that after the application of ultrasound in lime solution, fish skin became swell, its structure wasloose. So acetic acid could easily attack peptidebonds, fragmented collagen into small chains that went lost during washing step, causing the lowextraction yield and low gel strength of gelatin.
Characteristics of gelatin obtained from method of using pretreatment with lime and ultrasound assistance
The aim of this study was to compare the chemical composition and quality of gelatins obtained from new pretreatment method and "traditional" method of using lime without ultrasound assistance. The quality of gelatin was evaluated mainly by gel strength, which was dependent on the composition of amino acids, the proportion of high molecular weight chains. Gelatin with higher gel strength is considered to be of better quality [6] .
Using the traditional method of pretreatment with lime (20g Ca(OH) 2 /l) in 5 days and new method of pretreatment with lime (20g Ca(OH) 2 /l) and ultrasound assistance (amplitude 80%, period 0.8s) in 90 min, two samples were obtained and subjected to analysis. The results were shown in Table 1 . Table 1 showed the difference in some characteristics of two samples produced from two methods, especially in lipid content and gel strength. The traditional method using lime for pretreatment gave gelatin with rather high lipid content in comparison with the new method also using lime for pretreatment but with ultrasound assistance (1.81 % compared to 0.4 %). Besides,the gel strength of gelatin sample from the "traditional" method was significantly lower than the new method (106.0 g compared to 143.3 g). The reason could be that the ultrasound not only helped to extract gelatin well but also homogenized lipid in skin, enabled it to be washed away from skin better during washing step. So the obtained gelatin was purer. On the other hand, shorter time of treatment with lime in new method might help the polypeptide chains of gelatin being less fragmented, thus the gelling ability was higher.
CONCLUSIONS
Ultrasound could significantly shorten the time of tuna skin pretreatment with lime while ensuring the extraction yield and the quality of obtained gelatin. The method using only lime produced gelatin with better extraction yield, viscosity and gel strength in comparison with the method using combination of lime and acetic acid. The method of using lime and ultrasound for pretreatment of skin has showed to be suitable for obtaining gelatin from tuna skin.
